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B pamkax (akTOpHoro MapaMeTpu4eckoro MO- 
JeIMpOBaHua pa3spad0oTaH U allpoOnupoBaH alro- 
PHTM pacueTa BEpOATHOCTHOUM MepbI BOSHHKHO- 
BeHUA TIPOMCIIeCTBHA Ha YPOBHe BeJIMUMHBI 
HWKe JOJIM MpOWeHTa B CTaTHCTHYeECKH TJIOXO 
W3Y4eCHHON TeXHHWY4eCKOH CHcTeMe «3allluTa — 
oObeKT — cpeya». Hlomyuenbi aHamuTu4eckue U 
pacueTHble TaOJIMUHble 3ABHCHMOCTH BepOsATHO- 
CTH HacCTyIMJIeHHA MpONcIIecTBUA Ha ypOBHe 
3HayeHui oT 10—7 B dyHKUMU OT MpuBeeHHOrO 
lapaMeTpHyecKoro 3atlaca Oe30macHOCTH Ha 
WHTepBasle W3MeHeHHA OT —5 WO +5. CyesaHsl 
YACICHHbIe ONCHKH NOKa3aTeyen Oe30MacHOCTU 
Ha lIpakTHW4ecKH 3Ha4YHMOM OOaCTH aHasiM3a: 
MaTeMaTHyecKoe ou Wane BO3NCHCTBHA 
«MeHBbIUe» HIM «HAMHOrO MeHbIIe>> BOCIIPHUM- 
4YUMBOCTH, Ha KOTOPOM pa30poc 3HayeHu TpuBe- 
JICHHOTO MapaMeTpH4ecKOroO 3allaca Oe30NacHo- 
ctu u > |. Jia BapnaHTa BO3qeHCTBUA «OOJIb- 
le>> WIM “HaMHOLO OOJIbIIe>»» BOCIIPHUMYMBOCTH 
MOJIYUCHbI pacueTHbIe 3HAYeCHHA BePOATHOCTU 
IIPOMCIICCTBUA, KOTOPble MOTyT OBITh MOJe3HbI 
JIA IpOrHO3a CHCTeMBbI C YYeTOM IKCTPeMalIb- 
HbIX BO3ZeHMCcTBHH. IIpoBeqeHa MeMOHcTpalna 
BO3MO)XKHOCTH TpPHMeHeHHA TapamMeTpHyecKkou 
MOJIe-JIM «BO3/EHCTBHe — BOCIIPHUMYMBOCTb»» B 
yMana30He BO3HUKHOBeCHHA BepIIIMHHbIX UCXO- 
JOB OT TpaBMBI (3a00eBaHHA) JO KPHTH4eCKOrO 


WIM JICTAJIBHOTO UCXO/Ta. 
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In the framework of factorial parametric mod- 
eling the authors have developed and tested 
the algorithm for calculating the probability of 
incident occurrence on the level which 1s be- 
low one percent in statistically not enough 
studied technical system "protection — object 
— environment". The authors produced ana- 
lytical and calculation table dependencies of 
incidents occurrence probability at the level of 
values from 10-7 in the function from the par- 
ametric safety margin in the interval changes 
from — 5 to + 5. Numerical evaluation of 
safety indicators on the practically important 
region of analysis was made: the mathematical 
expectation of the impact is "less" or "much 
less" than the susceptibility, the spread of the 
given values for parametric safety mar-gin is u 
> 1. For the option where the impact is "more" 
or "much more" than the susceptibility the au- 
thors calculated the values of incidents occur- 
rence probability, which may be useful for 
system forecast with regard to extreme im- 
pacts. The authors performed the demonstra- 
tion of the possible use of the parametric 
model "influence — susceptibility" in the 
range of occurrence of apical outcomes from 
injury (disease) to a critical one, or death. 
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Ku1r0ueBbie CJIOBa: Oe30IaCHOCTb, CHCTemMa 
«3alluTa — OObeKT — cpeya», IpouciiecTBHe, 
BePOATHOCTHad Mepa, TapaMeTpHyuecKkad MOJIeJIb 


«BO3]/EHCTBHe — BOCIIDPHUMYHBOCTD)>). 


BpBejenne. OFHOM 13 aKTYyaJIbHbIX 3aa4d AB- 
AeTCA pellleHve MpoOIeMBbI IpeyCKa3yeMOCcTH U 
(uM) OLleCHKH BepOATHOCTH BO3HHKHOBeCHHA 
IIPOHMCIUecTBUA (3a00eBaHHe, HECUACTHbIM CiIly- 
yal, aBapua, KaTacTpoda) Ha ypOBHe BeJIMUMHbI 
HWKe JOM MWpoWweHTa B CTATHCTH4eCKM IJIOXO 
W3y4UeHHOU TeXHHyecKoH cucTeme | 1—4]. 

Bcneq 3a OOJIbUIMHCTBOM HcCcIeqOBaTeeH 
ollpeyeuHM Oe30NaCHOCTb Kak CBOMCTBO TeXHH- 
YeCKOH WH TEXHOJIOrM4YeCKOH CHCTeMBI He ONy- 
CTHTb C HEKOTOPOHM BeEPpOATHOCTbIO BO3HUKHOBE- 
HMA B He WpouciuectBuH [3, 5, 6]. 

OleHkKa HW TporHo3s Oe30MacHOCTH CHCTeMBI 
3aBMCAT OT TIYOMHbI WeTaM3al[Mwu pacKpbITuA 
KOMIIOHCHTOB CHCTeMBI «3alluTa — OObeKT — 
cpejla», a TakoKe OT CTeIMeHH H3Y4eHHOCTH, MOJI- 
HOTbI HM JOCTOBepHOCTH HHDOopMalnU O Tpesio- 
CbIIKaxX IIPOHMCIecTBHH, (akTOpax UW UX CBA3AX 
OTHOCHTeCJIBHO PaCCMaTPpHBaeMBIX BepILIMHHbIx 
UcxooB [7, 8, 9]. 

V3HayasIbHO KOJIM4eCCTBeHHad OeHKAa 6e3- 
ONWacHOCTH CJIOXKHOM CHCTeMBI ObIIa OCHOBaHA 
Ha IIpMMeHeHHM JIOrMKM Kay3aIbHOU (mper- 
ollpeyemeHHocts) (Kup, Hlocnesos) uu woru- 
KM Ka3yaJIbHOM (CTOXaCTH4HOCTb HIM Hellpes- 
cKa3yeMocTb) (Pa0uHHH, OcTperkoscKkun). IIpu 
9TOM OI[CHHBaTb Mepy peasIM3aluu MIponciite- 
CTBHA B CHcTeMe OepyTca MO0 TO Npexzonpesre- 
JIGHHO B3ATbIM B CHCTCMe COCTaBYy 3JICMCHTOB, 
(pakTOpaM UH CBA3AM, JIMO0 110 BapwaHTaM IJIOXO 
IpeqcKa3syeMBIx cieHapues | 10-12]. 

OueBHHO, 4YTO KOHIenuMA MpvemMsemMoro 
pucka YHUKasIbHbIX CHCTeM IIpesmouaraeT Me- 
TOouMYeCKOe OObeETMHEHHeE MpesompeyeueHHo- 
CTH CTPyYKTYPHbIX CBA3eCM KOMMOHEHTOB HU He- 
TOJHOM WpeycKa3yeMocTH OOacTeH Bapbupo- 
BaHHA WapaMeTpOB (akKTOPOB HU XapaKTepHCTUK 
oObekTa cuctempl [9, 13, 14-16]. BcnegctBue 
9TOrO KOHI[CHWMA IpHeMJIeEMOrO pucKa MOy4H- 
a asIbHevilee pa3BuTHe Ha OCHOBe pa3pavoT- 


KH HW UpPpWMCHCHHaA ABYX B3aNMOJONOJHAFOUINX 


Keywords: Safety, “protection — object — 
environment" system, incident, probability 


measure, parametric model "influence — 


susceptibility ”. 


Introduction. One of the urgent tasks is to 
solve the problem of predictability and (or) 
assessment of the probability of occurrence of 
the incident (illness, accident, crash, disaster) 
at the level of magnitude below the fraction of 
a percent in a Statistically poorly studied tech- 
nical system [1-4]. 

Following the majority of researchers we 
define safety as a property of technical and 
technological system to avoid a chance of oc- 
currence of incidents in it [3, 5, 6]. 

Assessment and prediction of system securi- 
ty depend on the depth of detailed understand- 
ing of the components of the system "protec- 
tion — object — environment", as well as the 
degree of knowledge, completeness and accu- 
racy of the information on the preconditions of 
accident, factors and their relationship with 
respect to the considered apical outcomes [7, 
8, 9]. 

Initially, quantitative safety assessment of a 
complex system was based on the application 
of causal logic (determinism) (Klir, Pospelov) 
or casual logic (randomness or unpredictabil- 
ity) (Ryabinin, Ostreykovskiy). The possibility 
of incidents in the system is assessed either 
according to pre-determined in the system set 
of elements, factors and relations, or according 
to the options of not predictable scenarios [10- 
12]. 

It is obvious that the concept of acceptable 
risk of unique systems involves methodical 
combination of predetermination of the struc- 
tural relationships of the components and the 
incomplete predictability of the variation 
ranges of parameters of the factors and charac- 
teristics of the object system [9, 13, 14-16]. As 
a result, the concept of acceptable risk was 
further developed through the development 
and application of two complementary meth- 
ods: 








MCTOJIOB: 

1) JIOrMKO-BepOATHOCTHOTO MeTOa aHasIu3a 
VW OLWCHKH Oe30NaCHOCTH THIOBBIX CHCTeM; 

2) JOrMKO-BO3MOXHOCTHOrO MeTOa 9KC- 
IIpeCC-Ol|eHKM YHUKAaJIbHbIX CHCTeM. 

MopMy.1mpoBka 3ayqaun. Jia KOHKpeTHOHM 
TeEXHHYeCKOH CHCTeMBI «3allluTa — OOBeKT — 
Cpejla» asIropuTM onpeyleseHua WU WOcueyrollle- 
ro pacueta NoKa3aTeen Oe3s0lacHOCTH COCTONT 
M3 CeYFOMUX sTaMoOB uM 3azay [13, 17-21]: 

1) BbIOpaTb BepIIMHHBIN UCXON, 

2) YCTaHOBUTh ero TpeMOCBIIKH, 

3) MOCTPOUTb JIMHTBUCTHYeCCKY!IO MOJIeJIb pe- 
aIM3allMH BepIIMHHOrO UCxosa, 

4) MOCTPONThb JIOTHYeECKYHO MOJIeJIb C YAUeCTOM, 
110 BO3MO%KHOCTH, MOJHOrO Hadopa cBxA3eH 
IIPCIIOCBIJIOK, 

5) WIA KAKTON WpeAMOCbIIKU MOCTPpOUTb Ma- 
PaMeTPHYECKY!O MOJelIb ee peasM3all[Mu Ha OC- 
HOBe MOJIeIM «BO3TeEHCTBHe — oclaOseHHue — 
BOCIIPHHM4MBOCTb»», 

6) Ha OCHOBe BbIOOpa (OOOCHOBAHHA) JIA Hee 
IIPOM3BOHBIX TapaMeTpOB, C YAYeTOM IIpoBeyre- 
HUA WHXKCHEPHOH IKCIICPTH3bI KOHKPeTHO B3s- 
TOM TeXHHYecKon cucTeMbI TC! B pamkKax (Tep- 
MHHax) MOJeIM «BO3eHMCTBHe — ocadseHne 
— BOCIIPHHMMYMBOCTb>» COCTaBUTb TaOJIMIUbI 
3HayeHH «Aep» UH MHTePBasJIOB «“pa3MbITOCTY», 

7) paccunTaTbh BepOATHOCTHBIe U (WIM) BO3- 
MOXKHOCTHbIe MepsbI (BM) peanu3aluu 2J1IeMeH- 
TapHBIX TIpeMOCbIOK, 

8) IOCTPOHTb BeEPOATHOCTHY!IO HU (JIM) BO3- 
MOXKHOCTHYIO MOpMy QMyYyHKIMH pealM3alnu 
BepIIMHHOTO UCxoa, 

9) MOACTaBUTb B Hee BEPOATHOCTHBIe U (WIM) 
BO3MO2%KHOCTHBI€ Mepbl peaslH3a-I[Mu 3JIeEMeH- 
TapHbIX peMOCbWIOK WM TMOJYIMTb UTOrOBbIN 
pe3yibTaT B Bue 3Ha4YeHHA BepOATHOCTH U 
(MIM) BO3MO2KHOCTHOM Mepbl peasM3aluu Bep- 
IUMHHOrO MCXOa B paccMaTpuBaemon TC1. 

Kak tpaspuso, 3agauu 1, 2 u 3 HOCAT UCCIIe- 
JOBaTeJIbCKHM XapaKTep HU MOTyT OBITb PeleHbl 
OKCHepTOM WIM UCKYCCTBeEHHOM MWHTeJUJICKTYy- 
allbHon cuctemon (UMC) Ha ocHoBe MouHOrO U 
TOUHOLO aHasI43a KOHKpeTHOW TeXHHYeCCKON CH- 
CTe€MBI C TO3HIMM ee MOTeCHUMaIbHOM OmacHo- 





1) logical-and-probabilistic method of anal- 


ysis and safety assessment of typical systems; 

2) logical-and-possibility method of rapid 
assessment of unique systems. 

Formulation of the problem. For specific 
technical systems "protection — object — en- 
vironment" the detection algorithm and the 
subsequent calculation of safety indicators 
consist of the following steps or tasks [13, 17- 
21]: 

1) to choose an apical outcome, 

2) to determine its preconditions, 

3) to build a linguistic model of implemen- 
tation of the apical outcome, 

4) to build a logical model, taking into ac- 
count, if possible, a complete set of relations 
preconditions, 

5) for each of the precondition to build a 
parametric model of its implementation on the 
basis of "effects — weakening - susceptibil- 
ity”, 

6) to make a table of values of "cores" and 
"blur" intervals basing on the selection (justi- 
fication) of the arbitrary parameters for it, tak- 
ing into account the engineering expertise of 
the particular technical system TSI in the 
framework of (terminology) of the model 
"impact — weakening — susceptibility", 

7) to calculate the probability and (or) pos- 
sibility measures (PM) of realization of the 
basic preconditions, 

8) to build a probability and (or) possibility 
shape of realization functions of the apical 
outcome, 

9) to substitute it into the probabilistic and 
(or) possibility measures of realization of the 
basic preconditions and to obtain the final re- 
sult in the form of value of probability and 
(or) possibility measures of realization of the 
apical outcome in the considered TS1. 

Typically, tasks 1, 2 and 3 are exploratory 
in nature and can be solved by an expert or 
artificial intelligent system (AIS) on the basis 
of full and accurate analysis of a specific tech- 


nical system from the viewpoint of its poten- 
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CTH caMol ceOe, JpyruM WoyCHCTeMaM (Hajicu- 
cTeMaM) WIM OKpyxKarollen cpeyre. 

Ilocne mpoBeyeHHaA 9TUX 9TAIIOB Jlaee Tex- 
HMYecKad CHCTeMa PacCMaTpUBaeTCA B CJIeILy- 
FOIEM BUe: «MOTCHIMaIbHO OMaCHbIM OObEKT 
KaK KOHCTpyKUHA HW PYHKUMOHAIbHOe ycTpoH- 
CTBO, COJlepxKalllee COBOKYIMHOCTb MOTCHIIMasIb- 
HO OMACHbIX 93JIEMCHTOB pa3JIM4HOH (u3uKO- 
XMMHYeCKON Mpupoybl — BHeLIHWe WU BHYTPeH- 
Hue (BTOpH4Hbie) oOnacHble WU (MIM) BpeHBIe 
(pakKTOpbl — [paBOBble, OplraHH3allMOHHBIe, 
TexHuyeckwe HM KOHCTPyYKTHBHbIe CIHOCOObI U 
CpeJICTBa 3alllMTbI — MCIOJIHUTeIIM)». 

B pamMkax JJaHHOM padoTbI paccmMaTpuBaeTca 
XO] WU pe3yIbTaTbI pelleHuaA 3agay 5 u 7. 

YcraHoBeHHe Mepbil olpeseseHHOCcTH 
BepUIMHHOrO HCxo4a Ha OCHOBe NapaMmMeTpu- 
yeCKOrO KpuTepHaA «BO3qeHcTBHe OO.IbIIe 
BOCIIPHHM4MBOCTH. Moyesupopanue u lpn- 
4MHHO-CJICCTBCHHBIM = aHasIw3 =©9HaCTYIMJICHHA 
BepIUMHHOTO HUCXOa B CHCTEMe MOXKHO ONMCAaTb 
Ha OCHOBe CHCTCMHO-TeCXHMYeCKOTO H3y4eHHA 
(DH3HKO-XUMMYeCKHX eFO TpeAMOCbIOK WyTeM 
BbIOOpa HU ONMCaHuA (aKTOPHbIX MapaMeTpu4e- 
CKUX MOjJIeIeH Bua «Harpy3Ka — Hecylllad 
CHOCOOHOCTb», «BO3eHCTBHe — BOCIIPHMM4H- 
BocTb». IIpu 9sTOM Yale BCero peaslM3al{H1o 
BepIUMHHOTO UCXOja OLCHUBaFOT TIO YCJIOBHIO 
IIPeCBbIMeCHHA WapaMeTpa JIM BeJIMYMHbI BO3- 
JICHCTBUA S Ha, BOCHPHMMYMBOCTBW r: (Ss > r). B 
3aBHCHMOCTH OT TOUHOCTH, MOJIHOTBI UM JOCTO- 
BePHOCTH HHMOPMAalMU O BO3MO2%KHBIX peasin3a- 
IMAX BeJIM4HH S Ur B pacCMaTpHBaeMON CUCTe- 
Me «3allldTa — OOBeKT — cpeyla» Mepa onpeyre- 
N@HHOCTH peasHu3allM BepIIMHHOrO UCXOa WIM 
YCJIOBHA MpeBbIMICHHA MO%KeT OBITh IpeCTaB- 
jleHa Kak Mepa HeoOxoyMMocTH n = Nec (t), wm 
Mepa BeposaTHOcTH p =Pro (t), MIM Mepa BO3- 
MOXKHOcTH 7 = Pos (t). [pu HopMuposKe Ha HH- 
TepBasle BeIIeCTBeHHBIX 4UCcer [0, 1] aa OTHO- 
TO OTJCJIbHO B3ATOIO KPUTepHA ITU Mepbl Haxo- 
JATCA B ClIeXyrouleM OTHOMeHUH [2, 9, 11]: 

Nec (s > r) < Pro (s > r) < Pos (s > 1r) (1) 

3eCb MO S, f COOTBETCTBEHHO TIOHHMAarOTCA 
BeJIMMMHbI (TapaMeTpbI) MapaMeTpuyecKOH MO- 


ACM pCasIM3avvuv BCpIIMHHOrO HCXOJIa. B OIIe- 


tial danger to itself, other subsystems (super- 
systems) or the environment. 

After carrying out these stages the technical 
system is considered in the following form: 
"potentially dangerous object as a structure 
and functional device that contains a set of 
potentially dangerous items of different physi- 
cal and chemical nature — external and inter- 
nal (secondary) hazardous and (or) harmful 
factors — legal, organizational, technical, and 
constructive ways and means of protection — 
performers”. 

In this work the authors discuss the progress 
and results of solving tasks 5 and 7. 

Determination of measures of certainty of 
the apical outcome based on parametric cri- 
terion "Impact is more than susceptibility". 
Modeling and causal analysis of the occur- 
rence of the apical outcome in the system can 
be described on the basis of system-technical 
study of its physical and chemical precondi- 
tions by selection and descriptions of factor 
parametric models of the "load - bearing ca- 
pacity", "impact — susceptibility". The reali- 
zation of the apical outcome is usually esti- 
mated by the condition of exceeding the pa- 
rameter or the magnitude of the impact s on 
the susceptibility r: (s > r). Depending on the 
accuracy, completeness and reliability of in- 
formation about possible realizations of the 
quantities s and r in the system "protection — 
object —— environment" certainty measure of 
realization of the apical outcome or the excess 
condition can be represented as a measure of 
necessity n = Nec (t), or a measure of proba- 
bility p =Pro (t), or a measure of possibility z 
= Pos (t). When normalized on the interval of 
real numbers [0, |] for a single criterion these 
measures are in the following relation [2, 9, 
11]: 

Nec (s >r)<Pro(s>r)<Pos(s>r) (1) 

Here s and r respectively refer to the varia- 
bles (parameters) of parametric model of the 
realization of the apical outcome: in the opera- 
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patope Nec — yleTepMHHMpoBaHHBle; B Orlepa- 
Tope Pro — cylyyavHble; B olleparope Pos — 
HeveTKHe BeJIM4MHBI (MapaMeTppt). 

Ecim cucTeMa «3alluTa — o0beKT — cpeyla» 
JIeTePMHHUPOBaHa, TO Mepa IIPHHUMAeT OHO U3 
mByx 3Hayennn: 0 unm |. 

Ecim cuctema «3aljutTa — oObeKT — cpeya» 
ciyuaiHa WU VW3BeCTHbI IJIOTHOCTH paciipeese- 
HUA BEPOATHOCTH © (Ss) H @ (r) Ciry4aMHBIXx Be- 
NMYMH S UT, TO BEPOATHOCTh peasM3aluu ycIo- 
BHA (Ss > 7) HaXOAAT Ha OCHOBAHHU MOCTpoeHHuA 
BeEpOATHOCTHOM MapamMeTpwyuecKoH Mojleu 
«BO3JCHCTBHe § — BOCIPHMMYMBOCTE 1) C HC- 
TIOJIb30OBaHHeEM MOJeIH TpeBbINIeHHA BO3eH- 


CTBHA Haj, BOCIPMUMU4MBOCTHIO (puc. |). 


tor Nec — determinate; in the operator Pro — 
random; in the operator Pos — fuzzy variables 
(parameters). 

If the system "protection — object — envi- 
ronment" is determined, the measure takes one 
of the two values: 0 or 1. 

If the system "protection — object — envi- 
ronment" is random and we know probability 
density functions @ (s) and @ (r) of random 
variables s and r, the probability of the condi- 
tion realization (s = r) is determined basing 
on constructing of a probabilistic parametric 
model "the impact s — susceptibility r" using 
a model when impact is more than susceptibil- 
ity (Fig. 1). 





Puc. |. Unmroctpatjua OCHOBHBIX BapHaHTOB COOTHOIIeCHHA CITY4aMHbIX MapaMeTpOB 
BO3J/CHCTBHA HU BOCIIPHHMUMBOCTH 


Fig. 1. Illustration of the main types of ratios of random parameters of impact and susceptibility 


Ha puc. | mpescTaBsIeHbI 4YeTEIPe OCHOBHBIX 
BapWaHTa COOTHOIMeHHA BeIMYMH. Bepxuaa JIn- 
HHA JIEMOHCTpUpyeT BapwaHT: BO3eMCTBHE 
HaMHOrO MeHbIIe BOCIIPHHUMYMBOCTH, HU Mepece- 
YeHHe KPUBBIX @& (5) H @ (rT) HEBO3MOXKHO; Bepo- 
ATHOCTb BO3HHKHOBCHHA HeKeMaTeIbHOrO UC- 
XOa, TO CCTb peasIM3all[M MpOUCcIIecTBHA, paB- 
Ha HyHO, p = 0. Crenyromjas JmHuaA (p > 0) e- 
MOHCTpupyeT BapvaHT «IpHOsIMKeHHA CHU3y» 
BePOATHBIX 3HAYCHHH MlapaMeTpa BO3JICHCTBHA S 
K Be€pOATHbIM 3HAYCHHAM TlapaMeTpa BOCIIpH- 


MMU4MBOCTH r. TpeTba MHA (p = 0,5) onvCBIBa- 


Fig. 1 shows the four main options of values 
ratio. The top line shows the option: the im- 
pact is far less than the susceptibility, and the 
intersection of the curves © (s) and @ (r) is im- 
possible; the probability of an undesirable out- 
come, i.e. the realization of incident is zero, p 
= 0. The next line (p > 0) is a variation of 
“approximation from below" of probable val- 
ues of the impact parameter s to the probable 
values of the parameter of the susceptibility r. 
The third line (p = 0,5) describes the case of 
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eT CJly4al PaBeHCTBAa MaTeMaTHYeCKUX O*KUa- 
HUM BO3eUCTBUA ™m; AU BOCHPHUMU4MBOCTH mM,. 
IlomyTHo 3ecb cileylyeT 3aMeTHTb, 4TO CpeHe- 
KBayIpaTuuecKHe OTKJIOHCHHA BO3ACMCTBHA S U 
BOCIIPHUMYMBOCTH FF MOryT He COBMAaarTs. 
HakoHell, HWKHAA JIMHWA ONMCbIBaeT CJIy4aH, 
Kora MaTeMaTH4YeCKOe ORKUTAHNE BO3TCHCTBUA 
Ms; HAMHOTO OOJIbUIe MATeMaTHYeCKOrO OMKUAa- 
HHA BOCIPHHM4MBOCTH m,, U Ip JOObIX 3Ha- 
YeHHAX CpesIHeKBapaTH4uecKuX OTKJIOHCHUM 
BO3SJCHMCTBHUA § WU BOCIPHUMYMBOCTH Lr Tepece- 
YeHHe KPUBBIX @ (5S) H @ (7) HEBO3MOXHO. Pac- 
CMOTPeHHBbIe BapHaHTbI COOTHOMEeHHA MapaMerT- 
POB BO3J}CEHCTBUA WM BOCIIPHHMYMBOCTH T103B0- 
NAIOT HarJlayHO WU YCKOPeHHO OLeCHHMBAaTb Bepo- 
ATHOCTb peasM3alun MapaMeTpwyeckon mpel- 
MOCbIJIKU JIOOOrO BepIIMHHOrO UCcxoa. 

Ha ocHoBe paccMoTpeHHOH Ha puc. | mapa- 
MeTPH4eCKON MOE ONpeyesIMM BepOATHOCTb 
TIPCBBIMeHHA BO3TCMCTBUA S Ha BOCIPMuM4n- 
BOCTbIO Fr: Pro (s > 7). 

BBeyleM HOBy!O TlepeMeHHy!0 Z = S — r, KOTO- 
pad paciipeyesieHa 10 HOPMaJIBHOMY 3aKOHy C 
MaTeMaTH4eCCKHM O*KUTAHHVeEM M,=M,—M,, VU 
TIpesIcTaBUM 3ayauy B BUTE 


Pro (s—r>0)= i  (r) If. @ (s) ds|dr. (2) 


CHayala pacCCMOTpHM MIlepBbI BapvaHT 
YCJIOBMA 3ajlauH: MaTeMaTHY4eCKOe O*KUTAHHve 
CJIY4YanHOrO BO3JCMCTBHA MeHbIINe MaTeMaTH4e- 
CKOrO OKUAAHHA CIyYaMHOU BOCIPHUMYMBOCTH 
(CM. BTOPY!o JIMHUIO Ha puc. |): 


(3) 


BpeyemM (yHKUMIO paciipeyeseHua BeposT- 


Ms <M, > Mz = Ms — My < O. 


HOCTH © , (Zz) MW Ha OCHOBaHMN TaOyIMpoOBaHHOro 

WHTerpasia BeposTHOcTeH ® (x) [22] c yaeTom 
(3) BbIpaxkeHne (2) npesCTaBUM B BUJIe: 

piu) = Pro(z > 0) = 0,5 — OB(m,-—m,)/ 

(o?, + 6%)”) = 0,5 — ® (wu), (4) 


0,5 
u = (Mm, — My)/(6*; + 07s) 
IIpeCTaBdeT COOOM BePOATHOCTHBIM «MpuBe- 


rye  wapametp 
JICHHbIM TWapaMeTpwyueckui 3atlac Oe30TacHo- 
ctu» (IIII3b) kak oTHOMmIeHve pa3HOCTH MaTe- 
MaTHYeCKUX OKUTAHHUM BO3CHCTBHA UW BOCIpPH- 
MMYMBOCTH K UX CYMMAapHOMy cpeyHeKBalIpa- 
THYUeCCKOMY OTKJIOHCHHI0. 
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equality of mathematical expectations of the 
impact of m, and the susceptibility m,. At the 
same time it should be noted that the standard 
deviation of impact s and susceptibility r may 
not coincide. Finally, the bottom line describes 
the case when the mathematical expectation of 
the impact m, 1s much more than the mathe- 
matical expectation of the susceptibility m,, 
and at any values of standard deviations of 
impact s and susceptibility r the intersection of 
the curves © (s) and © (r) is impossible. The 
considered options of parameters correlation 
of impact and susceptibility make it possible 
to assess the probability of parametric precon- 
ditions for any apical outcome. 

According to the described in Fig. | para- 
metric model we define the probability of the 
impact s 
Pro (s > r). 


exceeding the susceptibility r: 
We introduce a new variable z = s —r which 
is normally distributed by normal law with 
mathematical expectation mz = ms — mr, and 
we present the task as 
Pro (s—r>0)= i  (r) IS @ (s) ds|dr. (2) 
First, let’s consider the first option of the 
problem condition: the mathematical expecta- 
tion of the random impact is less than the 
mathematical expectation of the random sus- 
ceptibility (see second line in Fig. 1): 


(3) 
We introduce the probability distribution 


Ms <M, > Mz = Ms — My < O. 


function @ , (z) and on the basis of the tabulat- 
ed probability integral ® (x) [22] taking into 
account (3) the expression (2) will be as fol- 

lows: 
piu) = Pro(z > 0) = 0,5 — O(m,-—m,)/ 
(07, + 0%,))”) = 0,5 — ® (w), (4) 


where the u=(m,—m,)/(0*,+ o2,)"" repre- 


sents the probability of "given parametric 
safety margin" as the ratio of the difference of 
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PaccMOTpMM BTOpOH BapHaHT pellleHHaA 3aya- 
qu (2), Kora MaTeMaTHYecKoe OKUTAHVe CIy- 
yaHHOTO BO3TCHCTBUA OObIIe MATeEMaTH4eCKO- 
TO OKMTaHHA CYWaMHOU BOCIIPHHMUYMBOCTH: 

ms > mr — mz = ms —mr > 0. (5) 
C yueTom (5) BbIpaxeHne (2) TouyauM B BH- 
qe: 
p2(u) = Pro(z > 0) = 0,5 + D((ms — m,) / 
(02, + 0%,)"?) = 0,5 + ® (u). (6) 
3aMeTHM, 4TO 3aMeHa YCJIOBMA «MeHbIIe»> Ha 
«OOJIbIIe>» B BbIPAKeHHAX (3) u (5) COMpOBOXx- 
WaeTca 3aMeHON 3Haka: 
(ms; —m,) | (67; + on ae = 
(my — mg) | (07; + 05)" = (7) 

IIpu 3TOM O4eBHAHO, YTO CCIM MOMO%#KUTEIb- 
Had BelMunHa (+u) eCTh XapakTepucTuKa «3ala- 
ca Oe30TacHOCTH»>, TO OTPULATeIbHad BeIM4NHA 
(—u) BbIpaxkaeT HasMuMe UM HapacTaHue «omac- 
HOCTH>> IPH WasIbHeMINeM POCTe BeJIM4YMHEI BO3- 
evuctTBua [23]. 

Havizem BepoaTHOcTH p\(u) U po(u) YMCIeH- 
HO. Ja STOO 43 TAONMMUbI 3HA4eCHHM MHTerpasa 
BepOsTHOCTeH (yHKuuU Jlansaca) MocteqOBa- 
TeJIbHO BbIOMpaeM 3HAYeHHA MpUBeeHHOrO Ma- 
paMeTpH4yeckoro 3anaca Oe30lacHocTu u = 0; 1; 
2; 3; 4; 5. 3arem HaxoyquM 3HayeHuA D(x = v), 
KOTOpble cBeJleM B Tao. 1. 


mathematical expectations of the impact and 
susceptibility to their combined standard devi- 
ation 

Let’s consider the second solution to the 
problem (2) when the mathematical expecta- 
tion of a random impact is more than the 
mathematical expectation of a random suscep- 
tibility: 

ms > mr — mz = ms —mr > 0. (5) 

Taking into account (5) the expression (2) 

will become: 
p2(u) = Pro(z > 0) = 0,5 + B((m, — m,) / 
(07, + 0)”) = 0,5 + ® (uw). (6) 

It should be noted that the replacement of 
"less" to "more" in the expressions (3) and (5) 
is followed by the replacement of the sign: 

(ms —m,) | (02, + 65)°” = 
—(m,— ms) | (6? + 6) =—u. (7) 

It is obvious that if the positive value (+u) 
is a characteristic of a "safety margin", then 
the negative value (—u) expresses the presence 
and growth of "danger" with a further increase 
of the impact value [23]. 

Let’s find the probability p,(u) and p2(u) 
numerically. To do this from the table values 
of the probability integral (Laplace's function) 
we subsequently choose the given parametric 
values of safety margin, u = 0; 1; 2; 3; 4; 5. 
Then we find the values ®(x =u), which are 


summarized in table. 1. 


Taosuta 1 / Table 1. 


BepoaTHOcTs peaM3al[Mu BepIuMHHOrO Ucxosa Pro (s > r) 


Probability of the apical outcome realization Pro (s > r) 


pi (u)\(m,>m,) | po (u)\(m, > m,) 
O05 OS 


0,5 


0,5 


0,15866 0,84134 
0,02275 0,97725 


0,00145 0.99865 
0,0000317 0,999683 
0,0000001867 0,9999997 133 


B Taos. 1 mpezcTaBseHbI pe3yIbTaTbI pacue- 
Ta 3Ha4eHHH BepOATHOCTH peasM3aluu Bep- 
WWuHHOrO ucxona Pro(s>r) B @yHKWMH OT 








Table. 1 shows the results of calculation of 
probability values of the apical outcome reali- 
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IIPHBeJeHHOrO TapaMeTpHyeckoro 3anaca 6e3- 
OWacHOCTH U JIA JBYX pa3uM4arolluxca Bapu- 
AHTOB COOTHOIMICHHHM MaTeCMaTHYeCKHX OK a- 
HMM BO3JeMCTBHA UW BOCIIpHuMuMBOcTH (1): 
(m, >m,) HU (2): (Ms > Mr). 

C y4eTOM 3aBHCMMOCcTH (7) HW WaHHbIx Taos. | 
HOUy4eHO TaOIM4HOe BbIPAxKeHHe BeEPpOATHOCTU 
peamm3alluu BepluMHHoro ucxoya P(u) B PyHK- 
IMM OT TpuBeeHHOrO TapamMetTpa uU Ha UHTep- 
Bayle CTO H3MeHeHHA OT —5 WO +5 (Taos. 2). 


zation Pro (s > r) in the form of the function 
of the parametric safety margin u for two dif- 
ferent options of ratio of mathematical expec- 
tations of impact and 
(mM, >m,) U (2): (Ms > Mr). 


Taking into account the dependence (7) and 


susceptibility (1): 


table | data we got the table expression of the 
probability of the apical outcome P(u) as a 
function of the given parameter u in the inter- 
val of its changes from -5 to +5 (table. 2). 
Tadmuua 2/ Table 2 


BepoaTHocTb HacTyIWJIeHHA NPOMCIIeCTBHA B PYHKILMH OT IpHBeJTeEHHOrO NapaMeTpu4ecKOro 


3allaca Oe30MaCHOCTH MW MPHHATOM YCJIOBMU MpeBbIIeCHHA «BO3eMCTBHe OOJIbIIe BOCIIPHHMYMBOCTHD» 


The probability of incidents occurrence as a function of the given parametric safety margin and the ac- 


cepted condition of exceeding "the impact is more than susceptibility" 


9 | 3 | 000145 
| 4 | _(0,0000317 
| 5 | __0,0000001867__ 





Ha ocHoBaHun Tabs. 2 WyTeM MHTepnouANHu 
NerKO MOJJYYUTh YWICIICHHbIe ONCHKUM WOKa3zaTe- 
ne Oe30MacHOCcTH Ha pakTwv4ecKH 3HaduMOon 
oOnacTH aHau3a [24]: MaTeMaTH4eCKOe O2KH- 
JaHve BO3JIeHCTBHA «MeHbIUe» WIM «HaMHOrO 
MeHbIe>> BOCIIPHHMYMBOCTH, a pa3s0poc 3Haye- 
HMM WpwBexeHHOrO WapamMeTpHyecKoro 3arlaca 
Oe3s0macHocTu u > 1. IIpumeHeHue pe3ybTaTOB 
BapwaHta (2): BO3qeHcTBHe «OOIbINe» WIM 
«HAaMHOLO OOJIbIIe»» BOCIIPHUMYIMBOCTH MOJIe3HO 
JIA IIpOBeeHHA IpOrHo3a CHCTeMbI C Y4YeTOM 
IKCTPEMAJIbHBIX BO3TeEMCTBUH [25]. 

Ucnomp3ya war pacueta u = 0,1, Ha OcHOBa- 
HMM ONMCaHHOrO WOAXOa MOUYIMM 4UCJICHHOe 
3HayeHHe BepOATHOCTH peasM3alMu BepIIMHHO- 
ro ucxoya P(u) Ha WHTepBasie U3MeCHeEHHA Mapa- 
MeTpa uw OT 0 WO 1, KOTOPBIN UCHONb3yeTCA JIA 


OUCHKUH BO3MO2KHOCTHOM MepbI IIPOHCIICCTBMA. 
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On the basis of table 2 by interpolation it is 
easy to obtain a numerical assessment of safe- 
ty performance for the practically important 
region of analysis [24]: mathematical expecta- 
tion of the impact is "less" or "much less" than 
susceptibility, and the spread of values of the 
given parametric safety margin is u>1. Ap- 
plication of the option results (2): the impact is 
"more" or "much higher" than susceptibility 
helps to conduct a forecast of a system with 
regard to extreme impacts [25]. 

Using the calculation step u = 0,/, based on 
the described approach we get the numerical 
value of the probability of the apical outcome 
P(u) on the parameter space u from 0 to 1, 


which is used to evaluate possible measures of 
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IIpu STOM JIA CpaBHeHHA UM pacueTa UCHOJIb3y- 
€M 3aBHCHMOCTH HOpMaJIbHOH man(u) U JMHeH- 
HOW WL alllpoKCHMallMH BO3MO?%KHOCTHOM MepbI 


[9]: 

= Zz 

17 —Sh 

red aya) 





TINy =e (8) 

roe ke = k/2, a 3HaueHuA KOIMMuUMeHTA ky = 
4, 5; 8; 12, 5 cooTBeTCTByFOT 3Ha4CHHAM KOI(- 
(buuneHta k=3;4;5 B dyHKIMH ommMooK 
(Tas. 3). 


the accident. In addition, for comparison and 
calculation we use dependencies of the normal 
mn(u) and wL linear approximation of possible 


measures [9]: 





2 
TNy =e aS+Dar} _ eke (2a) 


where k, = k/2, and the values of the coeffi- 
cient k, = 4, 5; 8; 12, 5 correspond to the val- 
ues of the coefficient k = 3; 4; 5 as a function 
of the errors (table. 3). 


Taonmuua 3 / Table 3 


CpojHad TaOIMIla 3HA4eCHH BEPOATHOCTH BepmIMHHOrO Ucxoya P(w) UW BO3MO2XKHOCTHOM MepbI B 


HOPMaJIbHON 71nN(u) U IMHeEMHON 7L anmpokcumalnu 


Summary table of probability values of the apical outcome P(u) and possible measures in normal 


an(u) and 7L linear approximation 


0,46 


Plu) | mn 
, , 6 


| 0,9 
| 042 | 0835 | 08 
| 0,6 


0,95 


0,26 
0,21 
0,19 





pu 
_—o_ 
| 0,6 
| 08 
| 0,9 


| 0,156 | 0011 | 0 


Yamre Bcero dKCIIepTu3a Oeso0MacHOcTU IIpo- 
BOJMTCA B YCJIOBHAX OTCYTCTBHA TOUHOM U 
(WIM) MOJHOHW HHDopMalMu O TWpexNOcbIUIKAaX 
BOSHUKHOBeCHHA MPOMCIIecTBHH B TeEXHHYeCKON 
cucteme. IlockolIbKy «lMapaMeTp BO3J,/eHCTBHA») 
— 9TO XapakKTepucTuKa «CpeybD>, TO IKCIIeEPT 
JIA erO HaxO*KJeCHHA UCIOUb3yeT pacueTHO- 
aHamuTMyeckune cnocoOnl. Torga Kak «napamMeTp 
BOCIIPHHMYMBOCTH> — BbIpaxkKeHHad B TepMH- 
Hax WM BesIMYMHAX MapaMeTPOB BO3JICHCTBUA Xa- 
pakTepucTuka cnocoOHocTH oObeKTa (HIM 
cyObeKTa) K BO3HHKHOBCHHIO B CHCTeMe IIpo- 
WcIlecTBUA (BeplmMHHOrO ucxoya). [Ipuuem tma- 
PaMeTpbI BOCIIPHHMYMBOCTH YyCTaHaBJIMBaloT, 
Kak II1paBuJIO, IKCIICDHMCHTAIIbHO. 


B kKayecTBe lapaMeTpoB BOCIIPHUMYMBOCTH 


Often the examination of safety is carried 
out without any accurate and (or) complete 
information on the occurrence preconditions 
of accidents in a technical system. As the "1m- 
pact parameter" is characteristic of the "envi- 
ronment", to find it the expert uses computa- 
tional and analytical methods. And the "sensi- 
tivity parameter" is the characteristic of the 
possibility of the object (or subject) to inci- 
dents occurrence in the system (apical out- 
come) expressed in terms of values and impact 
parameters. The susceptibility parameters are 
set, as a rule, experimentally. 


The experts take the following indicators as 
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9KCHePThI IPHHUMAIOT CileyouMe NOKazaTeJu: 

1) mpegqembHO OlycTHMad KOHIeCHTpalMA 
BpeqHoro ra3a (r/m), ua jo3a W311 yueHuA 
(Jbx/kr uuu Peutrex), WIM MpOOJDKUTeIBHOCTb 
lipeObrBaHud (c WIM 4ac); 

2) MWATMAeCCATHMpOUeHTHAIM KPUTM4eCKHi 
TOpor BO3JeCHCTBUA (pas3MepHOcThb TO aHaslorMu 
C MpeAbITYOIMMH MOKa3aTesAaMn); 

3) cpenHee (uUOPHIWIAWMOHHOe 3HadeHHe TO- 
ka (MA); 

4) Hallps»KeHHe Hayasia TeKy4YecTu MaTepuala 
TBepyoro Tesla (IIa). 

CyieylyeT 3€Me€THTb, 4YTO, KaK TpaBHJIO, IKC- 
TlepT cllocoOeH yCTaHOBUTb TaKOrO pola Mapa- 
METDPBI BO3JIEMCTBUA HM BOCIPHMMMYMBOCTH B BH- 
yje HEYeTKHX HHTepBaJIOB C yKa3aHHeM ypoOBHA 
pa3IM4uMOcTH. 

4. Pactimpenne 4 yHuguKalna oO0sacTH 
IIpuMeneHua WapamMetpwyueckoH MOE 
«BO3eHCTBHe — ocja0sIeHHe — BOCIIPHuM- 
4MBOCTb». Jia TeEMOHCTpallMu JOCTHXKUMOCTH 
YHHUKaUMH OLeHKH Oe30MaCHOCTH TpoBeyleM 
COBMelleHve WapaMeTpHy4ecKOM MOM «BO3- 
JIeHcTBue — BOCIPHHM4MBOCTb» Ha JBYX (Hu 
Oouee) YPOBHAX (51 < Sz) HIM (S}<<s2): 

(s;—1)), (82-12). (9) 
30@Cb YpOBeHb 7; — «OLLYTHMas>> BOCIIPH- 
MMU4MBOCTb WIM Wopor 3a001eBaHHA 4esIOBeKA, 
BbIP@KCHHbIN TapaMeTPOM BO3JICHCTBHA; ypo- 
BeHb 7/2 — KpWTH4eCKad BOCIPHMM4MBOCThb K 
«BHYTpeHHeMy>> (OCIaOJIGHHOMY 3all[MTOM) BO3- 
JICUCTBHIO. 
.=7 yy, (10) 
3necbh f — 3ayjaHHad Ha MHTepBase Bellle- 
CTBeHHBIX uncer [0, 1] dyHKuuA (kosdduun- 
CHT) OCMIaOJICHHA «BHEIIHero» BO3JICEHCTBHA Vv Ha 


BYX YPOBHAX  3all[MTbI, Tye, Hallpumep, 
f, = 0,001 — npaktuyecku TomHOe ociabseHHe 
BO3eHCTBUA; f2 = 0,01 — ocnadmeHue Bo3zeH- 


CTBHA JO ypoBHa 1% (yOBJIeTBOpUTeIbHaAr 
3amuta); f2=0,1 — ocnaOneHue BO3eHCTBHA 
WO ypoBua 10 % (m10xas 3allMTa). 

Ha puc. 2 mpescTaBileHa pa3BepTKa M0 ocH 
OJHOFO BO3eCMCTBYFOINero (akTOpa C TIpHMeHe- 
HHe€M BepOATHOCTHOM MapaMeTpHyeckon MOJIe- 
mM «BO3qeHicTBHe -— BOCIIPHHM4MBOCTb» U 
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the parameters of the susceptibility: 


1) maximum permissible concentration of 
harmful gas (g/m3) or dose (G/kg or Roentgen) 
or the duration (seconds or hours); 

2) fifty percent critical threshold of impact 
(the dimension in analogy with the previous 
figures); 

3) average fibrilation current value (mA). 

4) voltage of the material fluidity start of the 
solid body (PA). 

It should be noted that, as a rule, the expert 
is able to set the parameters of influence and 
susceptibility in the form of fuzzy intervals, 
indicating the level of distinctness. 

4. Extension and unification of the scope 
of parametric model "impact — weakening 
— susceptibility". To demonstrate the 
achievability of the harmonization of the safe- 
ty assessment we did a combination of para- 
metric model "influence — susceptibility" at 
two (or more) levels (5; < 52) or (51<<5s2): 

(s1—11), (82-12). (9) 

Here, the level 7; 1s the "tangible" sensitivi- 
ty or threshold of human infection expressed 
by the parameter of impact; the level rz is the 
critical sensitivity to "internal" (protection 
weakened) effects. 

SS] Vy, (10) 

Here fis defined on interval of real numbers 
[O, 1] function (coefficient) of weakening of 
"external" impact v at the two levels of protec- 
tion, where, for example, f; = 0,001 is the al- 
most complete weakening of the impact; fo = 
0.01 is the weakening of the impact to a level 
of 1 % (satisfactory protection); f 2 = 0.1 1s the 
weakening of the impact to a level 10 % (poor 
protection). 

Fig. 2 presents an axis scan of one influenc- 
ing factor with the use of the probabilistic par- 
ametric model "impact — susceptibility" and 
functions of the density probability © (s) and @ 
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(DYHKUMM TWIOTHOCTH BepOATHOCTH @ (s) HU @ (7) 
CIYUaNHbIX WapaMeTpOB BO3JCHCTBHA S HU BOC- 
IIPHUMYUMBOCTH F. 


(p(S) 


— . . 


(r) of random parameters of impact s and sus- 


ceptibility r. 





Ns Mr 





Puc. 2. JIemoHucTpal{ua BO3MO2KHOCTH MpMMeHeHHA MapaMeTpH4ecKON MOJeJIM «BO3eHCTBHe — BOCIIpH- 
UMUMBOCTb» B {Malla30He BOZHHKHOBCHHA BepIIMHHbIX HCXOJOB OT TpaBMBbI (3a00J1eBaHHA) JO KLPHTHYeCKOTO 
WJIM JIeTaIbHOrO UCxoya 


Fig. 2. Demonstration of the possible use of parametric model "impact susceptibility” in the range of occur- 
rence of apical outcomes from injury (disease) to a critical or fatal outcome 


IIpu sTOM MpHHuMaeTcaA, 4TO B paCCMaTpuBA- 
CMbIX 3aBHCHMOCTAX (9), (10) H Ha puc. 2 Kax- 
bli BO3TeCHCTBYIOMMMH akTop ocsadsaerTca 
MOHOTOHHO. 

3ako4eHne. B pamMkax (akTOpHoro Mapa- 
MeTPpHYeCKOIO MOJeIMpOBaHuA pa3padoTaH HU 
allpOOMpOBaH aJIrOpHTM pacueTa BepOATHOCT- 
HOM Mepbl BO3HHKHOBCHUMA MpONcIIecTBHA Ha 
YPOBHE BeJIM4HHbI HWKE AOI MpOWeHTa B IJIO- 
XO CTATHCTHYeECKH H3YYCHHON TEXHHYeCKON CH- 
cTeMe «3allHTa — OObeKT — cpeya»». 

Ilony4eHbI aHasMTM4ecKve WU pacueTHEIe 
TaOJIMYHbIe 3ABMCHMOCTH BeEpOATHOCTH HactTyli- 
NIeHHA MpPOHMCMIeCTBHUA Ha ypOBHe 3Ha4deHHM OT 
108 (DYHKIIMM OT TpuBeeHHOrO MapaMeTpu- 
yecKoro 3alaca Oe30lacHOcTH Ha HMHTepBasie 
W3MeHeHHA OT —) AO +5. I[puBeneHbr 4MceH- 
HbIe ONCHKH MOKa3aTeseH Oe30MacHoOcTH Ha 
pakTW4ecKH 3HAYMMOHN OOWACTH aHasiM3a: Ma- 
TEMAaTHYeCKOe ORK AAHHE BO3STCUCTBHA «MCHb- 
ue» WIM «HAaMHOrO MeHbIIe» BOCIIPHHMU4UBO- 
CTH, Ha KOTOpOH «pa30poc» 3HayeHHM MpuBe- 
JICHHOrO TapaMeTpuyecKOroO 3allaca Oe30lacHo- 
cmu u>1. Ilomyuenbr pe3yibTaThl JIA BapMaHta 
BO3HeEHCTBHe «OObINe» HIM «HaMHOrO OOJIb- 
Ie)» BOCIIPHHMYMBOCTH, KOTOpble MOryT OBIT 
MOe3HbI JIA MPOBeAeCHUA MpOrHoO3a CHCTeMBI C 
Y4eTOM 3KCTPeMaJIbHbIX BO3JICHCTBUH. 

IIpopeqeHa MeMOHCTpalluA BO3MO%XKHOCTH 
IIpHMeHeHHA TapaMeTpH4eCKON MOEN «BO3- 


WeuCcTBHe — BOCIIDHUMYMBOCTb» B WHalla3s0He 





In this case, it is assumed that in the consid- 
ered dependencies (9), (10) and in Fig. 2 each 
influencer is weakened monotonically. 

Conclusion. In the framework of factorial 
parametric modeling the authors have devel- 
oped and tested the algorithm for calculating a 
probability measure of the occurrence of inci- 
dent at the level magnitude below one percent 
in statistically badly studied technical system 
protection — object — environment”. 

They have obtained analytical and calcula- 
tion table dependencies of the probability of 
occurrence of accidents at the level of values 
from 10° of the function from the parametric 
safety margin in the variation interval from -5 
to +5. The paper provides the numerical esti- 
mation of safety parameters in practically im- 
portant region of analysis: the mathematical 
expectation of the impact is "less" or "much 
less" than the susceptibility, which "scatter" 
the values of the given parametric safety mar- 
gin u>/. The results were obtained for the op- 
tion of the impact of "more" or "much more" 
than the susceptibility, which can be useful for 
the system forecast taking into account ex- 
treme impacts. 

A demonstration of the possible use of par- 
ametric model “impact susceptibility" in the 


range of occurrence of apical outcomes from 
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BO3HHKHOBCHHA BepIUMHHbIX HCXOJOB OT TpaB- injury (disease) to a critical or fatal outcome 


MBI (3a00sIeBaHHA) WO KpHTHYeCKOrO JIM Jle- was carried out. 


TaJIbHOrO HCxoa. 
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